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HOW TO KILL TIME-ACCURATELY! 

A Generator of Precise Time Delays 


The immediate acceptance accorded 
the Tyi*k 1391 -A Pulse, S\ve<'p, and 
Tinu‘-Delay Cienerator upon its intro¬ 
duction in 1955 matle it apparent that 
there was a general desire for prei!i8e, 
versatih*, and accurate time-<lomain in¬ 
strumentation. The T'ype 1392-a T'ime- 
Delay ( lenerator to l>e des<*ril>e<i in this 
article uses jwrtions of the Type 1391 -A 
as a point of departure and ext(*nds its 
orif^inal circuitry to produce a new de¬ 
gree of prfH'ision and adaptability in a 
timcMlelay system. 

The dev<'lopment of circuits for am¬ 
plitude comparison hy lloltje* and of 
highly .stable and pnvi.si* distributed- 
parameter variable delay lines liy I-ewis 
jiiid Frazi<*r* came about almost simul- 
laiuHUi.sly with the availability of an 

W. Kmnk, “A Vrrsalilr Grnrrmtr.r for Timc-Donuiin 
Cmmil Hadto Kj’prrimmtrr, 30, 12. 

May, lO.Vi 

*M C*. Ifoitjn, "A Nrw f'irrult for Aint’lltuilr fompur- 
inon." (irnrmi KrprrtmnUrr, 0, \o%'«oitlirr, lU.W. 

*F O. I.em'i* and If M. Frarurr. '*I)i«tribatMl-Pnram«>t«r 
\<tri»1>b» l.inea L’ainc .*ik>>wed Turn* for Delay 

Equalittlion. Proc. IRE, Feb 1957. 


abundance of application information 
resulting from the introiluction of the 
Type 1391-.\ Pulse. Swi'ep, and Tinu^ 
Delay (lenerator. This combination of 
new circuits, new comprineiits, and field 
e.xpericnce has resiilt<'d in the develoj}- 
ment of an instrument that will, we are 
certain, become a standard for accuracy 
and reliability in the fiehl of anal<»g time 
mejusurements. It is an e.xcellent range 
calibrator for nular, sonar, and radio 
navigation .systems. 

The Type 1392-A Time-Delay Clen- 
erator prcKluces an accurately known 
time delay, continuou.sly adjustable, and 
with 1% or l(>-m/i-se<‘ accuracy over the 
range from 0 to 1 second. It contains a 
siH’ond, slightly less accurate, delay cir¬ 
cuit adjustable over I he time range from 
0.5 /isec to 0.5 .sf»eond. This circuit, com¬ 
pletely independent of the first <lelay 
circuit and capable of being calibratixl 
liy it, can be used: 

1. As a sfH’ond “paralleP' delay cir¬ 
cuit. 


rigur« 1. Pontl vi«w of th« Timo-Doloy Gonorotor. 
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2. As a second delay cascaded after 
the first delay in time. 

3. As a coincidence “aiur’ circuit en¬ 
abling-gate started by the first delay. 
Since the gate can be reduccnl in dura¬ 
tion to 0.5 /ivsec, timing marks of PRF in 
excess of 1 Me can be selected. 

We believe that this is the fii*st com- 
mcTcially available coincidence system 
capable of delay steps below 1 ^sec in 
an analog system. 

'fhe fact that this instrument is an 
analog generator capable of producing 
precise dt?lays should be emphasizeil, be- 
caus(‘ only in an analog .system can the 
delay be produced from a start command 
pul.se without some sort of gating tran¬ 
sient or fjuantizationerror. With this new 
delay generator, it is also possible to es- 
talilish delays with (piartz-crystal-oscil- 
lator-controlled precision in any time 
unit, as in range (yards or miles). The 
advantage of this system should be im- 
miMjiately obvious to those working with 
radar, with roclcs, with water, or with 
bats. 

Another advantage accruing to the 
analog delay-circuit system is that the 
delay can be varieil by an external con¬ 


trol voltage. The amplitude comparator 
developed for this instrument (and dt'- 
.scribed below) ha.s a very high input im¬ 
pedance for the reference voltage and 
permits? one to inject an external signal 
to control the magnitude of the delay 
over a decade. Tliis makes the unit a 
linear time modulator for the production 
of pul.se duration modulation, pulse po¬ 
sition nujdulation, or plain jitter of 
known and controlled magnitiule over 
modulating fr(x|uencies ranging from 3 c 
to 100 kc. 

DELAY LINE 

Figure 2 shows th(‘ circuit system re- 
duceil to its simplest form. The delay 
line is shown connected in one of its four 
pos.sible positions in the .system. Here i( 
acts as a 0 to 1-^sec verni<'r on the elec¬ 
tronic portion of the Delay 1 circuit. It 
can also be switched to: 

1. .\ct as a first (0 to 1-Ai.sec) range to 
produce a delay between the direct sync 
pulse and the Delay No. 1 .sync pulse. 

2. Delay by 0 to 1 /zsec tlie Delay No. 
2 sync pul.se (.s{h^ page 7), 

3. Delay direct 1\^ any waveform ap¬ 
plied to the PRF drive terminals. 


h 


O.tz 1 OOt/iMC 


-I 



Figure 2. Simplified 
block diagram. 
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(o) 

evkw- D#loy No. 2 SYNC and 
GATE; I0>.»ac/ea.; 
0 )^ 1 'g Daloy No. 1 «*l for 
2SM*ac 


(b) 

SYNC Daloy No. 1 SYNC ond 
GATE; lO/itoc/cin 

(e) 

Diroci and Daloy No. I SYNQ 
O^/ii daloy; O.lutae'cm 


Figuro 3. Typical wavoforms. 


INPUT CIRCUIT 

The input circuits comprise a trij^ger 
generator, wliich will accept almost any 
waveform having a peak amplitude of 
about 0.3 volt at frequenck« ranging 
from dc to over 3(X) kc. This circuit pro¬ 
duces a pret rigger, which is fed to the 
two independent delay circuits and an 
output sync pulse of standard shape, 
having a base duration of approximately 
0.1 /isec, an amplitude of 20 to 23 volts, 
positive or negative, and a source im¬ 
pedance of 03 ohms (Figure 3c). The 
sync pulf«*8 produced by the Delay No. 1 
and Delay No. 2 circuits are similar. 


DELAY NO. 1 CIRCUIT 

KIcH'tronic circuits which will pnxiuce 
accurate, linear, and precisely controlled 
delays of less than I are difficult to 
build and even if realizable are very ex¬ 
pensive and complex. The first range, up 
to I /isec, is timed by a Type 1477-JlOOO 


delay line. This line has an accurate, 
individually calibrated, four-inch dial 
graduatixl in 0.()l-/xsoc intervals and pro¬ 
duces a delay betwwn the diiTM*t sync 
pulse and the Delay No. 1 sync pulse of 
0 to 1 /uusec with an accuracy of 0.01 

tiSOV. 

To produce delays over 1 the 

electronic circuits are switchtnl in cas¬ 
cade with the line as shown in Figure 2. 
Thes<» circuits are shown in some detail 
in Figun* 4. They comprist* a liigh-specxi 
bistable gate, a precise linear sweep gen¬ 
erator, an amplitude comparator, and a 
reset trigger generator followed by the 
Delay No. 1 sync-puls<» generating cir¬ 
cuit. When opened by the trigger from 
the delay line, the bistable gate starts 
the sweep and causes the iLssociat4Hj 
bufTer to pnKluce an output pulse (posi¬ 
tive 0 volts and negative tX) volts), 
which marks the delay intervjd. The 
sweep circuit, a highly linear “boot¬ 
strap,*' product's a saw tooth whose 
slope is determined by the dec’aiie range 
switch. This sweep of predetermined 
sloi>e rises from a minimum of 10 volts 
to a maximum of 110 volts. Tlie sweep is 
fed to one grid of the amplitude com¬ 
parator, while the reference voltage from 
the 10-turn range jiotentiometer is fed 
to the other. Wh(*n the sweep and refer¬ 
ence voltages are ecjual, the comparator 
triggers and produces a reset pulse for 


Figure 4. Fur>ctionol 
diogrom of Doloy No. 
1 circulH. 
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tlio RatinK bistahlo multivibrator and at 
tiu* saniv (iiiio prodiu’cs t ho I )clay No. I 
syiichrfuiiziiiR pulse. Thus, the loop con¬ 
sist iiiR of the* bistable Rate, SNV(*(*p Roiicr- 
ator^ amplitude comparison circuit, and 
resetting circuits assumes a monostable 
characte'ristic. 

Stability 

Both long-term and short-term sta¬ 
bility of delay has been a.ssured by the? 
use of precision resistanc(*-capacilance 
compon(*nts to establish thes\vc.*c*p slope; 
by the use of highly regulated and filtered 
dc voltages for the comparison reference 
voltage, plate supply, and heater voltage 
in the swi'ep generator and amplitude 
com[)arator; and by careful cinaiit dt*- 
sign, which minimizes the elTects of tuln* 
chang(‘s and tubt* aging on the accuracy 
of the circuit (Table 1). 

Convenience Features 

Both sweep :uid reference grids of the 
amplitude c<»mparalor are at liigh iin- 
p('<iance. and provision has bei*n made 
to permit tin* superposition of a modu¬ 
lating voltage on the reference voltage. 
A jack on the rear panel of the instru¬ 
ment provides for the injeiUion of this 
voltage*. 'rh(* low-frt*c|uency cutofT of 
this coupling network is 3 cycles, while 


the high-fre(piency performance will, of 
course, be determiiRHl only by the slope 
of the sweep voltage. 

Several other features have bmi pro- 
videtl to increa.se the convenience of the 
Delay Xo. 1 circuit group in applica¬ 
tion. A 5-volt positive-gate waveform, 
corresponding to the delay interval set, 
is available at low impedance from a 
coaxial connector on the front panel, so 
that the delay interval can be observed 
on an oscilloscope ov'er the entire range 
of ilolays whore the 0.1-/Li.sec sync pulse 
may not be visible be<.*ause of its brief 
duration (Figure 3b). This wavR^form, 
with a negative polarity and a (iO-volt 
magnitude, is provideil on the rear panel 
to drive auxiliary i)ulse-generating equip¬ 
ment such as the General Radio Typk 
r2iy-A Pulse Amplifier. In iiddition to 
this gate waveform a neon indicator 
lamp monit()i*s the presence of the De¬ 
lay Xo. 1 sync pulse. 

DELAY NO. 2 CIRCUITS 

The se<*ond group of delay circuits i.s 
identical in in-inciple with the first 
(Figure 5). It lacks only the features of 
high accuracy and resolution. The d(*lay 
reference voltiige is providwl by a 4" 
singlc*-turn potentiometer with a resolu- 



Figurtt 5. Functional 
diagram of Delay No. 
2 circuits. 
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(o) 

lOO^iS Timing pulses (to PRF 
drive) 

)0/is Timing pulses (to 
COINC drive) 

(b) 

10>isec ond lOOi^sec liming 
pulses 

Oeloy No. 1 GATE, a* 48|isec 

(c) 

Combined lime morkers 

COINC GATE, showing se¬ 
lected pulse. Oeloy No. 1, 
45«>sec; Delay No. 2, at lO^isec 

(d) 

Timing markers with COINC 
pulse ot 50/iSec 

(•) 

Delay No. 2 GATE, SO^isec 
(Note selected pulses showing^ 

10 

Delay No. 2 SYNC pulses ol 
50/<sec, 60/Jsec, 70 m sec 

Figure 6. Coincidence circuit used for multiple pulses. 

tioii of 1 part in 2,(KM), and tlio accuracy 
is 3% everywhere over the six (h'cade 
ranges from 0.5 /zsec to 0.5 second. 

The action of this circuit can he in- 
itiaU*d either by the direct sync pulst* or 
by the sync pul.se of the first delay cir¬ 
cuit, so that the delay is either concur¬ 
rent with the fii-st delay or is iniliattHl 
alter the first delay interval. It should be 
pointe<l out here that, since the delay 
circuits can always be startwl concur¬ 
rently, the first, more accurate delay 
can be useil to calibrate the second. 

Outputs from the sei‘ond delay circuit 
are similar to those of the first: A 5-volt 
positive gate and, marking the end of 
the delay intiMval, a 20-volt 0.l-/i.sec 
pulse at 93-ohm impcflance level. 

When the function switch for the 
second delay circuit is in “coincidence” 
position, 

1. The delay gating circuits are 
starteil after the Delay No. 1 sync pulse. 

2. The Df'lay No. 2 sync-generating 
circuits are connwted to be triggered by 



the action of an “and” circuit. 

The “and” circuit re((uires the simul¬ 
taneous existence of the Delay No. 2 
gate and an externally applied pulse to 
provide a trigger for the sync circuits. 
Photographs of the gate and output sync 
pulses are in Figure 0. An over-all photo 
of a precision delay-generating system 
inv7)lving the Tvpk 1392 Time-Delay 
Generator and the Tektronix ISO-A 
1'ime-Mark Generator, as a source of 
crystal-controlletl time-coherent syn¬ 
chronizing pulses, is shown in Figure 7. 

Since the shortest duration of the Df*- 
lay No. 2 gate has been set at 0.5 gsw, 
it is possible to select a .single pulse from 
a timing pulse train whose fr^iuency 
may be as high as 1.7 Me. Prerise I-^i.sec 
steps of delay are easily obtainable using 
the Tektronix 180-A as a crystal-con- 
trolltni time-mark generator. If the gate 
produceni by the Delay No. 2 circuits is 
made longer than the interval between 
tlie timing pidses from the marker gcai- 
erator, a group of pulses will be produced 
at the Delay No. 2 synchronizing-pulse 
terminal (Figure (i, (e) and (f)). The 
maximum rate at which pulsc*s can be 
produccMl in the burst is to some extent 
determinefl by the amplitude and rise 
time of the trigger pulsc*s provided by 
the timing source. The pulses produced 
by the 'rektronix 180-A, for example, 
will ty|)ically produce a 200-kc burst. 

DELAY LINE CONNECTION 

In addition to the delay-line connec¬ 
tion tlescribed under Delay No. 1, the 
(‘onnection shown in Figure 5 makes it 
po.s.siblc to delay the No. 2 sync pulse 
lumluced by coincidence. Thus, with the 
combination of a precise coincidence cir¬ 
cuit and the passive line, it is po.ssible to 
generate delays up to several hundrcil 
micro.secomls, accurate to 0.01 ju.sec. 
Here, we should inj(M*t one word of cau- 
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Figurs 7. Prscislon tim»>g»n»roting tyiUm, consisting 
of th« Typ« 1392-A Tim««Dolay Oonorotor and tho 
TokfronU 180-A Timo-Mork Gonorolor 


tion. TiminK goiuM-ators like the Tek¬ 
tronix 18 ()-A derive tlieir lo\v(*r fre¬ 
quency outputs hy feetling each pulse- 
divider circuit from tlie next hiRhor 
order divider. Since the trijeger piilsf* lias 
a finite and somewhat variahh* ris<* time 
(dejKmdiuR upon the bandwidth of the 
divider invoIvcMi), there is an accumula¬ 
tion of delay betwtHMi pulses within the 
timing chain. (One possible use for the 
coincidence circuit in the Type 18 t) 2 -A 
Time-Delay Gemerator is, of course, the 
removal of this tielay.) In order to make 
the steps of delay produced by the co- 
iucidence system exactly corriH*!, some 
delay must be inserte<l in the path of the 
high-frerjuency pulses,* or the error must 

^Thf C:«Di<niI lUHio Ttp* 314-8M} 0.6 VArtahlc 

Une useful in i*(jUMtisiiiK rrMulunl (Joloys 

ntidoiierwJinitly of ihr Timi-Drliiy Clpnrrotitr) K. D. 

and n. .M. Frasier, “A Nifi- aivl B^'ttor Variablt* 
Driay latto," CeMrai liatliu AV/wrimrnirr, 31, 7, October, 


be measured and subtracted from the 
delay readings. 

The delay line connection shown in 
Figure 2, in which the 0 to 1-asec line is 
connected directly from the input termi¬ 
nal to the line output terminal, is also 
useful in many ways. In this case, tin* 
line will pass whatever wavc‘form is 
available at the input terminals, 'rhis 
will, of course, make the input impi*!!- 
ance of the instrument (‘qual to the im- 
pcMiance of the line at about the 200 - 
ohm level. Although the simplififnl 
switching of Figure 2 does not .so indi¬ 
cate, the electronic portions of the Type 
1392 are .still ofMTative. One use for the 
delay line in this connection is to permit 
a check on the d(‘lay generated in the 
input circuit.s. This d(*lay is nominally 
about 0.12 fisov betwi'cn a fast driving 
pulse and a direct .sync pulse. 

THE DELAY NO. 1 
AMPLITUDE COMPARATOR 

The amplitude comparator use<l in the 
Delay Xo. 1 circuit is new* and certaiidy 
useful elsewhere, so it will be describcsl 
in some detail. This circuit wius d(*signe<J 
primarily for o|)eration at re{HUition 
rates higher than tho.se at wliich the 
comparator des<Tibt'd by lloltje* will 
operate and for as great a dynamic 
range. 

In the Type 1392-.\, the amplitude 
comparator will operate at rat(*8 as high 
a.s 3(K) kc and over a rangf* from 0 to 
120 volt.s. It has the additional advan¬ 
tage of a very high input impedance at 
both signal and ref(M*ence terminals. The 
complete circuit is .shown in Figure 8. It 
is convenient to view the circuit a.s a 
bistable multivibrator (V-l), in which a 
differential amplifier (V-2) repla<?(*8 tbc 
usual shunt-arm rt^sistors of the cross¬ 
coupling network. Tube V'-3 is a current 
source for V-2 and is only ne<*<*ssarv 

•Patent applied for. 
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December, 19sb 


when the maximum dynamie raii>?o at a 
jfivcMi suppl}'^ voltage is desireil. 

The circuit operates in the following 
manner: Suppose initially that the sigjial 
voltage is more negative than the refer¬ 
ence voltage, then the current through 
the left-liand side of \’-2 will he less than 
that in the right, and the grid voltage on 
V-1, left, will he more ])ositive than V-1, 
right. \’-l, left, will he on. This situation 
will pei*sist tmtil tlie reference and signal 
voltages are equal. At that point, the 
grid voltages of \’-l w<jidd he etpial if it 
wer(‘ not for the fact that \’-l is a hi- 
stahle using t)late re¬ 

sistance, of \'-2 as cross-coupling 
resistors. Hence, at (*qual grid voltagi\s 
on V-2, \-l will remain stable as in¬ 
itially. Now, JUS the grid of \’-2 is rai.sed 
above the reference voltage*, \’-2, left, 
conducts inon* heavily and, by tin* <li(Ter- 
ential connection of \'-2, V-2. right, con¬ 
ducts less heavily. .\t low frecpiencies 
the gain to (he bistable grids is*: 


'•/.2 -f 

and tjnly a suflicient voltage newls to ap¬ 
pear on the bistable grids to cause the 
bistable circuit to switch. The increase 
in grid voltage on V-1, right, reduces the 
amount by which this tube is below cut¬ 
off while the decreasing voltage on the 
left-hand grid of \’-l increases its plate 
voltage by the gain of this side of the 
flip-flop tube. It is therefore the left- 
hand side of the bistable going off which 
primarily coiitributes to the switching 
action. 

The hysteresis which the circuit e.\- 
hibits at the grid of the differential sec¬ 
tion is controlled by the magnitude of 
the excess grid voltage of the off flip-flop 
tube. This quantity is determin<‘d by 

*\’ulley and Walltiian, “ Voruuiu-Tubt* AiiiplifitTS,” 
HndtHtion Laboratory Berien, Number 18, .McGraw-ilill 
B«»ok Co., 1948. 


the current in the diffiTential amplifier 
and, since this current is .set by \'-3, a 
well-stabilizetl stage, only very small 
excc»ss vtjltages n(*e<J be tolerated, typi¬ 
cal valut*s of hvsteresis for the circuit 
.shown in Figure 8 are 10 to 100 mv. 

.An additional advantage of this cir¬ 
cuit over a singU^-endeti design is ap¬ 
parent at this point. The circuit is bal- 
anccnl with r(*spect t«» chang<*s in plate 
current caused by heater voltage fluctua¬ 
tions. Drift of the trigger v^oltage with 
liiK'-voltage changes is nHluci^l by about 
an order of magnitude over mon* con¬ 
ventional single-endi*<l <le.signs. 

The action of the circuit at high frt'- 
quencies is more complex than that ilc*- 
scribcnl above. Space will not permit a 
detaiknl analysis here, but the limits on 
performance are clear. The cro.‘<.s-cou- 
pling capacitoi-s will cause the loading 
of the differential amplifier to increase 
until, at very high frequencies, the 
loa^i will be the plate load resistors, R[^, 
and the stray capacit.ances. Ckimparators 
for the megacycle rangi* must be built 
with a differential amplifier capabh* of 
attaining high and will, of course, 
have lessens] sensitivity. 


Figure 8. Functional schomolic diagram of the ampli> 
lude comparator. 
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For lii^li-fr(*riuon(*y op(Matioii. over¬ 
shoots ot the jirul \viiv<‘forni <liie to I ho 
ni|>-flop switehioK aeti»)ii should l )0 
eliminated both by redinMion of the 
cross-coupling capacitors and by the 
applicalioii of positive and negative grid 
clamps. In the unit designed for the 
Type the tlit)-flop does not draw 

grid current, so only a n(*gative clamp is 
used and, since the input waveform is 
unidirectional, only one clam]) is neces¬ 
sary to improve recovery time. 

Some <*haracteristic.s of the compara¬ 
tor usr^l in the Timf*-D("lay Oeneralor 
are .shown in Table I. The hysteresis of 
tliis unit is of the order of 0.1 volt. 
The difT(‘rential amplifier is lieatcsl with 
regulated dc l)otli to minimiz<‘ drift with 
changing line voltage and to retluce tlie 
hum-jitter in the delayfnl signal. The 
presence of the dc rinluces the elTtrts of 
20^ 0 ^>1 variation in line voltage to an 
error in delay c>f 1 part in lO.OOO and aids 
in attaining the specified jitter figure of 
1 part in 30,000 at the worst. (.Iittei*s 
lower than 1 part in 100.000 have l)een 
observcnl.) On the 1 to 11 msec range, 
the Type 1392-A hits e.xhibited an ab- 
.solute accuracy of delav of better than 
0 . 1 7r ov(*r ])eriods in excess of a week in 
continuous operation. 


APPLICATIONS 

The Type 1302-A can be applied any¬ 
where that ac(;urate didays are desired, 
(‘ither for the preci.se measurement of 
tlelay or for its generation. Its range of 
available rielay i)lus the fact that it can 
be triggeriMl by almost any sort of signal 
should make it an acceptable range cali¬ 
brator for radar, .sonar, and radio navi¬ 
gation systems. The ease witli whi(!h the 
t ime of occurrence of the Delay Xo. 1 
sync can be modulated naiders it an 
ideal device for the simulation of a 
‘*noisy” target. The longer ranges of 
delay and t he presence of the second de¬ 
lay with its as.sociated gate signal should 
make the 'rvpE 1392-.\ a very u.seful tool 
for physiological nerv^e-transmi.ssion 
.studies. 

The us(' of the coincidence circuitry 
has b(HMi d(^crib(Hl in iletail in connec¬ 
tion with the proce.ssing of coherent sig¬ 
nals. 'rids system has another entire 
Held of a|)|)lication in ])rocessing signals 
which are not coherent. Counting, time- 
verniei* mi?avsuremt»nts, and the produc¬ 
tion of partial coherence between other¬ 
wise incoherent signals are exami)les of 
these a])])lications. In the latter applica¬ 
tion, for exampl(\ coherent tone bursts 
in the megacycle range have limi timed 


TABLE I 


TEST CONDITIONS 

ERROR \T o nm^r DELAY 

(1) IVmperature t ransient. 

xm%!° c. 

(2) ('hanging .sweep generating and 
clamping lube*, two tubes M'lected 
for average deviation among 23 lot. 

0.13% (worst tube .45%) 

(3) (’hanging amplitndi* <*omparator bi¬ 
stable tube. .Vverage deviation in 10 
lubes selected at random. 

.24% (wonst tube 0.3%,) 

(4) (’hanging amplitude comparator 
tube, .\verage deviation am«)ng 10 
tubes selecttsl at random. 

.47% (worst tube 0.9%) 
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\)y feeding the high frequency desirtnl 
within the burst to the coincidence drive 
teriniiuds and the l)urst recurrence rate 
signal to the PKF drive terminals, 
Spccili(r us(»s are: 

1. C’alil)ration and precision sweej) 
delay for oscilloscopes. 

2. Radar target simulator. 

3. Sonar target simulator. 

‘I. I^oran ie<‘eiv('<l pulse simulator. 

5. (i(H)physical echo simidator. 

(i. Precision piils<‘ timer — ustnl with 
( iU Tyiu: I2M)-A Pulse Amplifier. 

7. Delay and gate simulator for use 
with ehsUronic computing systems — 
used with Tektronix 180-A Tinu^Mark 


Generator to prcxluce jitter-free pulses 
of crystal-controll(Hl accuracy for any of 
above appli(aitions. 
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SPECIFICATIONS 


INPUT SYSTEM 

Inpul Signol: 

\\ nve, 0.1 volt ria<. 

Sqaiin* Wave, 0,3 volt, |)i*ak-to-[)eak. 

Pulse (iM‘K:itive or |M»sitivo), 1 volt of^ak. 

Ac or <Jc, input triRgcr thn^shohl control 
prf)vi(li*<l. 

Fr«<|u«ncy: tlc to over .’lOO kc. 

Tim* 0«loy (Input lo diruct tync): 0.12 dr0.02 pS(*c. 
0ir«ct Sync Pult«: 

Ani|)litw(l*, 15 v«»lts or more, jnisitiv'c or 
ruga live. 

Dunition, 0,13 =b .02 p.s4‘c. 
lin|s*dHn<H\ 93 nliius or 

DELAY NO. 1 

D*lay Rung*: 0*1.1 S4M‘ ill seven ningcs. 

Accuracy: 1 p.scc-1.1 hoc r.'ingc, ifc I % of ili.'il 
n-:ujmg; 0-1 pscc r:ing«*, ±0.01 p.H<‘c.. 

Sioblity: Jitter, 1:30,000 at worst 

Drift, 1:10,000 with 20% liiu* v.aria- 
tions 

Rutolulion: 0-1 p.s«*c, 0.(K)4 p.s(»c 
1 psr-c, 1 Kcc 1 -.8800 

Duty Ratio Effocis: Lt'ss than dial a<>curncy to 
GO'7 

5% at duty ratio of 80% 

Doloy Ono Sync: 

Duration, O.l ±0.2 p.scc 
Amplitude, 25 volts or more, jKisitivc or 
negative 

Im(N'dan<*<‘. 93-ohm output impislaiuv 
Monitor Lamp 

Max. PHF, 0-1 p.s<‘c rang**, 300 kc; 

1 p.*«*<*-l.| .sec range, 250 kc (at 
I pHCC). 


DELAY NO. 7 OR COINCIDENCE CIRCUIT 

Rang*: 0.5 psis* to 0.5 s<»c (nix decadi* ranKi*H). 
Accuracy: ±3^^/ of dial muling. 

Stability: Jitter, 1:20,000 

Line Drift, 1:5(X)0 fur 20% line 
change 

Rvtolution: 1 '.2,0(K) 

D«lay Two Sync: 

0.13 fiSfv ±0.02 p.sec 

20 volts or rnort:, p«>sitive or negative 

93 ohms 

Monitor Lamp 

Duty Ratio EfFocts: Full setUe, lt<tf» than ditd 
ru-cunwy at Ii0% duty ratio; liottom of .sciUe, 
ll•s^* than dial aceiu'ucy at 20% duty ratio. 
Maximum PRF, 300 kc. 

Coincid«nc«: 

Input, fio.sitive or negative pulse, 5 volts or 
over 

Input fnsjueiicy, 1 rps to 1,7 Me (for single 
pul.sr* selection) 

Input pulse rise time, .1 psec or It'ss at 5v. 

Power Supply: 105 to 125 (or 210 to 250) volts, 
50-00 cv*’I»‘s, 180 watts at 115 volts. Power re- 
is'ptacle will :M*c«mt either 2-win* (Ty|)e CAP- 
,'i5» or 3-win* (Typ«* CAP-15) Power Cord. 
Twi»-win* coni supplied. 

Dimansiont: 9 X 19 X 12 inches (nu*k mount). 

Acc«sseri«c Supplied: Ty|s* C.\P-35 Power Cord; 
-Mian* fu.si*s; ti*st letid; 4 Typ«* 874-C58 Cable 
Connectors. 

Nel WeighI: 35 |H)Unds. 


Type Code Word 

1392-AM I Bench Model. I E.NTKY 

1392-AR I Reloy-Rock Model. I EXTOL 


U. S, l*iileiil No, 2.SI8,4r>7. 


Price 


S9B5.00 

9B5.00 
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2-WEEK DELIVERY ON ALL GENERAL RADIO MONITORS 
FCC Type Approved 



The Type 1184-A Television Station Monitor. 


With tlie continuing trend to higher 
technical standards in broadcasting, a 
monitor that barely nunds today's re¬ 
quirements is likely to become obsolete 
tiH) soon to give good value. OtMieral 
Radio Monitors are designed beyotul 
mere legal minimum rtHiuirements for 


today’s use. Thus protected agaimst 
early obsok^cence, tlu»sc new instru¬ 
ments promi.st? long-term value that far 
outweighs initial cost consideration. 

Now is an excellent time for stations 
which have movLx] or anticipate moving 
or modernizing to purchase monitoring 
equipment. 

General Radio Monitors express a 
wholly new concept in mechanical de¬ 
sign that gives convenience never befon* 
attaiiunl in an instrument of this type. 
Every operation in the installation, us<i, 
and maintenance of these new monitors 
can be handled from the front. You 
never need to go behind the instrument 
rack. The monitor .slides out and tilts 
forward and back for easy access to 
tubes and adjustments. Chassis pin 
jacks permit a rapid check of current 
and voltage at critical points in the ^ 
circuit. The unique cha.ssis marking is 
so comprehensive that most mainte¬ 
nance can Ik* performe<l without need for 
an instruction book or a circuit diagram. 


FCC Type 
A ppnnHil Code 

Type .Vumf>er Word Price 


1184-A-A 

Talavision Transmittar Monitor'— Chonnols 2-13. 

3-105 

(ilANT 

$3200.00 

1184-A-A 

Tolovision Transmitter Monitor — Channels 14-83. 

3-105 

GIANT 

3450.00 

1181.BT 

TV Color-Subcarrier Monitor. 

not required 

MAJOR 

1025.00 

1181-B 

AM Frequency Deviation Monitor. 

3-106 

MALAY 

1025.00 

1931-B 

Amplitude-Modulation Monitor. 

3-107 

TARRY 

625.00 


CHOICE OF PANEL FINISH 

Grtiornl iLiuiio Black Crackle U stanilaril. Oilx'r Mtanilnnl finiHhew to match tratumitter equipmeut can alao be sup* 
plied. 



General Radio Company 
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